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Value of joint scintigraphy in the prediction of
erosiveness in early rheumatoid arthritis
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Finland

SUMMARY The value of scintigraphy in predicting development of new erosions in small
peripheral joints was studied by visual evaluation of scintigrams and by three computerised
methods. In 13 patients with newly diagnosed rheumatoid arthritis a total of 387 joints were
examined clinically, scintigraphically, and radiographically. The follow up period was 24 months.
Four eroded joints in three patients were found at the onset. Of the joints which were to become
eroded, 46/47 were scintigraphically active at all the check ups. Erosions were detected earlier in
foot joints than in finger joints. New erosions were especially prone to appear in joints with
persisting and high scintigraphic activity. On the contrary, inactive joints by repeated scanning
never eroded. Scintigraphic and clinical activity and radiographic erosiveness correlated
significantly with each other. The sensitivity and specificity of visual scintigraphic assessment and
the relative pixel activity method proved to be superior to the region of interest methods and
clinical evaluation for prediction of erosiveness.
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Rheumatoid arthritis (RA) is a systemic inflamma-
tory disease characterised by polyarthritis. Joint
inflammation typically' affects small peripheral
joints, where bone erosions are also first seen. 1
Erosiveness is the most important criterion of
progressive arthritis and an indication for prompt
institution of second line antirheumatic drug
treatment.2 Because clinical judgment is often in-
accurate, objective methods are urgently needed to
predict erosiveness of RA.

Joint scintigraphy is an objective method of
demonstrating and assessing joint inflammation.35
Accumulation of bone seeking radioisotopes reflects
metabolic activity of bone and blood pooling in the
joint. Skeletal scintigraphy is a more selective
method for the detection of joint inflammation than
radiography and more sensitive than clinical
evaluation.' In erosive osteoarthritis the scan abnor-
mality appears to precede the development of
radiographic progression.7 The results for scinti-
graphy in RA are, controversial. Although
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Desaulniers and coworkers reported that an abnor-
mal scintigram may antedate clinically or
radiographically detectable involvements in RA,6
Pitt and others found no apparent association
between isotope uptake and development of ero-
sions.8 The aim of the present study was to find out
whether serial joint scintigraphies assessed both
visually and by computerised methods offer any
advantage over clinical judgment in the prediction
of new erosions in peripheral small joints of patients
with recent onset RA.

Patients and methods

Thirteen consecutive patients (six female, seven
male) with definite RA,9 aged 21-62 years (mean
48), were followed up for 24 months. The duration
of the disease ranged from 2 to 24 months (mean 9).
Seven patients had rheumatoid factor titres of 1/64
or more as measured by the Waaler-Rose test.
Second line antirheumatic drug treatment was
started for all the patients. Clinical assessment and
joint scintigraphy were carried out on the same day,
before treatment was started and six and 12 months
later. x Rays of the hands and feet were taken at 0,
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6, 12, 18, and 24 months. Joint tenderness (0-3
points) was recorded as described by Ritchie and
coworkers10 and scored separately for each metacar-
pophalangeal (MCP) joint, proximal interpha-
langeal (PIP) joint of the fingers, interphalangeal
(IP) joint of the first toe, and II-V metatarsopha-
langeal (MTP) joints. Joint swelling and palpable
effusion were given scores from 0 to 2. The clinical
activity of each joint during the period of observa-
tion was determined by adding together the scores
of assessments at 0, 6, and 12 months (score range
0-15).

Radiological erosiveness of the joints was esti-
mated by the method of Larsen, Dale, and Eek.1'
The bone seeking radionuclide 99mTc methylene-
diphosphonate (99mTc MDP) (370 MBq/m2) was
administered intravenously, and pictures were taken
after three hours. Hands were imaged using palmar
projection, and feet using plantar projection, with
an imaging time of 500 s. The gamma pictures were
evaluated by the following methods: (a) Visual
activity was assessed by comparing the gray scale
scintigrams with the pictures of non-inflamed con-
trol joints (inactive, active, highly active). (b) The
computerised region of interest method (ROI) was
applied without an internal standard or (c) using an
internal standard in the analysis. Reference values
were obtained by the scintigraphic analysis of six
healthy controls. The methods and their reference
values have been described earlier in detail.12 (d) A
new method, relative pixel activity, for measure-
ment of the radionuclide uptake in the examined
joint was developed for this study. It is based on the
determination of maximal activity in one pixel, thus
eliminating the laborious manual tracing of joint
limits necessary in the ROI methods. (A pixel is a
single picture element in an image derived from
recording radiation emanating from an administered
radioactive material.) Each picture was normalised
to maximum as 100%. The upper threshold was
thereafter lowered by computer in 5% steps and a
series of gamma pictures obtained (Fig. 1). The
areas exceeding the threshold were displayed as
empty pixels. Step by step an empty pixel was found
in every joint at a certain percentage level. The
percentage level at which an empty pixel appeared
in the joint was the value of maximal pixel activity of
the joint concerned. Relative pixel activity was
determined by calculating the difference between
the maximal activities of the inflamed joint and the
inactive joint showing the lowest maximal activity.
The MCP joints were compared with each other and
the PIP joints with each other. The IP joint of the
thumb was compared with the MCP joints and the
IP joint of the first toe with the MTP joints. The
joint was considered inactive when a visual compari-

son with the control joints showed no difference
between them.
The mean reference values of the MCP and PIP

joints by the relative pixel activity method were
9.4(7-5) (mean(SD), range 0-25). The correspond-
ing figures in the II-V MTP joints and the IP joint of
the first toe were 5.3(4.8) (range 0-15).

Clinical evaluation and scoring of x rays and
scintigrams were always performed by the same
person (TTM).
The mean scintigraphic activity of each joint was

the mean of the values obtained at 0, 6, and 12
months. The isotope uptake in the joint was
considered to be increased when the figures ex-
ceeded the reference values by 2SD.

Decision matrices13 were constructed to relate
clinical and isotope activities to the development of
new erosions during the follow up. The significance
of differences between the means of the groups was
determined by two tailed Student's t test, and
correlations were obtained by Spearman's rank
correlation.
The radiation dose of three 99mTc MDP isotope

studies did not exceed the dose of one lumbosacral
radiography.

Consent for our study was granted by the ethics
committee of the Central Hospital of Jyvaskyla.

Results

Two hundred and fifty seven finger joints and 130
foot joints of 13 patients with RA were evaluated.
Four eroded joints in three patients were found at
the start of the study, two in MCP joints and two in
foot joints (Table 1). The eroded MCP joints were
active both clinically and scintigraphically, whereas
the eroded foot joints were inactive in the scinti-
grams despite slight clinical activity in the other
joint. Twenty eight new eroded joints were found in
nine patients at the 12 months' assessment, 22 in the
feet and six in the fingers (Table 1). A further 19
joints (10 in feet, nine in fingers) which became
eroded in eight patients during the subsequent 12
month period were detected at 24 months (Table 1).
Only one patient remained non-erosive during the
whole follow up period.

FINGER JOINTS

All the six eroded finger joints at 12 months (Table
1) were active both clinically and scintigraphically at
the 0, 6, and 12 months' assessments apart from one
joint in which scintigraphic activity preceded clini-
cal activity. Furthermore, six of the nine eroded
joints at 24 months were scintigraphically inactive at
the onset of the follow up, but active at the 6 and 12
month evaluations.
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Fig.1Sintiramof he hndsevauate bytherelative pixel activity method. The most active joint, in which an empty
pixel first appears at the 95% level, is the MCP IIjoint of the left hand. The pixel activity in the scintigraphically inactive
MCP Vjoint of the left hand is 25%. The difference between these values (95-25) is the relative pixel activity of the left
MCP II joint. The relative pixel activity of the right IP Ijoint is 45% (70-25). (UT=upper threshold; LT=lower threshold.)
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As shown in Table 2 the activities measured by all
the scintigraphic methods correlated highly signifi-
cantly with each other, with clinical activity, and
with Larsen's index. The correlation of clinical and
scintigraphic activities with erosiveness increased
during the second year of follow up.

FOOT JOINTS
The scintigraphic activity of the foot joints measured
by various methods is shown in Fig. 2. With one

exception all the joints which were to become
eroded were visually active in every scintigram at 0,
6, and 12 months. The exception was initially

inactive, but active at six months, and highly active
at 12 months. The mean scintigraphic activity (0, 6,
12 months) of the joints which were to become
eroded remained within reference values in 13 out of
22 joints by the ROI method without a standard and
in eight out of 22 joints by the ROI method with an
internal standard. In contrast, all the joints which
were to become eroded showed increased activity by
the relative pixel activity method (Fig. 2). Fur-
thermore, clinical assessment (score 0-2) failed to
show three out of the 22 joints to become eroded
later.
The values in Fig. 2 were used to calculate the

Table 1 Number of eroded joints at the onset of the study and appearance of new erosions at 12 and 24 months

Period of MCP joints PIP joints MTP joints IP joints No of
follow up eroded
(months) I ll III IV V I 11 III IV V II III IV V I joints

0 2 1 1 4
12 1 1 1 1 2 5 4 5 4 4 28
24 1 1 2 1 2 2 1 4 4 1 19

Total 3 1 2 22 0 0 1 2 4 5 5 9 9 6 51

Table 2 Correlations between clinical and scintigraphic activities and Larsen's index in the finger joints

Method Clinical Visual Relative ROI method ROI method Larsen's index
activity activity pixel with at 12 months

activity internal
standard

Visual activity Rs 0-586
p <0-001

Relative pixel Rs 0.510 0-791
activity p <0-001 <0-001

ROI method Rs 0-535 0-576 0-670
p <0-001 <0-001 <0-001

ROI method Rs 0.542 0-681 0-645 0-438
with internal p <0-001 <0.001 <0.001 <0.001
standard

Larsen's index Rs 0-349 0.377 0-355 0-294 0-321
at 12 months p <0-001 <0-001 <0-001 <0-001 <0-001

Larsen's index Rs 0-382 0-477 0-449 0-464 0.414 0-706
at 24 months p <0-001 <0-001 <0-001 <0-001 <0.001 <0-001

Table 3 Sensitivity and specificity of clinical evaluation and scintigraphic methods in predicting new erosions in the foot
joints during a follow up of 12 months

Clinical Clinical Visual Visual Relative Relative ROI method ROI method
activity activity activity activity pixel pixel (>2SD) with internal
(score23) (score:6) (score>2) (score 5-6) activity activity standard

(>2SD) (>20%) (>2SD)

Sensitivity (%) 86 64 100 86 100 100 41 64
Specificity (%) 46 76 75 95 80 90 81 85
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sensitivity and specificity of clinical evaluation and
scintigraphic methods in predicting new erosions in
the foot joints (Table 3). Visual activity and relative
pixel activity were better than the other methods in
disclosing the eroded joints. These methods also
succeeded best in predicting erosiveness. Higher

SCINTIGRAPHIC
ACTIVITY

ER+ = ERODED
JOINT

ER- = NONERODED
JOINT

scores of visual and clinical activities and values
higher than two standard deviations in relative pixel
activity increased the specificity. This resulted in a
simultaneous lowering of sensitivity except in the
relative pixel activity, which remained as 100%. The
ROI methods appeared to be highly specific, but

CLINICAL
ASSESSMENT
(SCORE 0-9)

ER+ ER-
(n=22) (n=80)
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Fig. 2 Scintigraphic and clinical activities in eroded and non-erodedfeetjoints. The initially eroded joints, the joints with

suspected erosions at 18 months (Larsen's score 1), and joints with new erosions at24 months were excluded from the
analysis (28 joints). Horizontal lines represent the mean (2 SD) ofthe reference values.

Table 4 Correlations between clinical and scintigraphic activities and Larsen's index in the foot joints

Method Clinical Visual Relative ROI method ROI method Larsen's index
activity activity pixel with at 12 months

activity internal
standard

Visual activity Rs 0-243
p =0-006

Relative pixel Rs 0-278 0-910
activity p =0-002 <0-001

ROI method Rs 0-123 0-649 0-703
p NS <0-001 <0-001

ROI method Rs 0-287 0-784 0-830 0-743
with internal p =0-001 <0-001 <0-001 <0-001
standard

Larsen's index Rs 0-224 0-590 0-528 0-438 0-448
at 12 months p =0-011 <0-001 <0-001 <0-001 <0-001

Larsen's index Rs 0-328 0-682 0-631 0-450 0-492 0-735
at 24 months p <0-001 <0-001 <0-001 <0-001 <0-001 <0-001

VISUAL ROI METHOD ROI METHOD RELATIVE
ASSESSMENT WITH INTERNAL PIXEL
OF SCINTIGRAM STANDARD ACTIVITY
(SCORE) (PER CENT)

ER+ ER- ER+ ER- ER+ ER- ER+ ER-
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their sensitivity was poor (Table 3). Clinical assess-
ment was inferior to all the scintigraphic methods
for prediction of erosions in the foot joints.
The correlations of the mean activities measured

by clinical and scintigraphic methods with the
development of radiographic destruction are shown
in Table 4. Scintigraphic methods correlated statisti-
cally significantly with each other and with the
development of new erosions. In addition, clinical
assessment correlated statistically significantly with
the development of erosions, but the correlation
coefficients were smaller than those obtained by
scintigraphic methods (Table 4).

Discussion

Several chemical and immunological markers have
been claimed to predict disease progression or
development of erosions in RA. These include
rheumatoid factor, 14 15 erythrocyte sedimentation
rate,16 anaemia,17 serum C reactive protein, 8 serum
Clq level,19 and circulating immune complexes.20

In the present prospective study four scintigraphic
methods were tested for their ability to predict
erosiveness of peripheral small joints in patients
with recent onset RA. During a follow up period of
24 months the number of erosions in the radiograms
increased from four to 51. Evaluation of visual
activity and relative pixel activity proved to be
superior to both the ROI methods and clinical
evaluation in sensitivity and specificity. It was
remarkable that all the joints which were to become
eroded during the first 12 months were scintigraphi-
cally active in all the examinations at 0, 6, and 12
months, with the exception of one joint. All the
scintigraphic results correlated with each other and
with clinical activity and Larsen's index. Correlation
between scintigraphic and clinical activities was
clearly better in finger joints than in foot joints. This
increased the usefulness of scintigraphy in the
detection of early involvement of peripheral foot
joints. Clinical assessment, too, correlated signifi-
cantly with the development of new erosions but to a
lower degree than scintigraphy.
The study showed that the process of bone

destruction is faster in feet than in fingers. More
than two thirds of the erosions found in the feet at 24
months were already noticeable at 12 months,
whereas in the fingers most new erosions (60%)
developed during the second year of the follow up.
Correlations between scintigraphic activities and
Larsen's index were correspondingly improved dur-
ing this period.
Our study showed that laborious computerised

methods do not offer any special advantage over the
visual evaluation of scintigrams, which appeared to

be the method of choice. Previous suggestions that
scintigraphic activity may antedate the development
of erosions6 21-23 were confirmed. On the other
hand, our results were in contrast with those
obtained by Pitt and her coworkers,8 who found no
association between scintigraphy and erosions. In
their study patients with early RA were not included
and the scanning was performed just once. In our
study the patients suffered from active RA of short
duration (range 2-24 months, mean 9) and serial
scannings were performed. This probably accounts
for the difference between the two sets of results.
We conclude that joint scanning with 99mTc MDP

is a valuable tool in the prediction of rheumatoid
erosions. Scintigraphic activity correlates with clini-
cal activity but is more sensitive than clinical
assessment. Erosions are most likely to develop in
joints showing high radionuclide uptake, particu-
larly when high activity persists. In a few cases
erosions may develop in joints which are initially
inactive but later become scintigraphically active.
Joints inactive by repeated scanning never erode.
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